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Sports Engineering is a field that has brought about great innovation for advances in equipment and 
understanding as to how the tools of sport function and can be modified to move the resulting 
performance for the athlete up or down.  Though many outsiders do not think of the science and 
engineering that is involved in sport, the complexity and demands for performance and protection of the 
athletes likewise demands an engineering field that has to be continuously improving and expanding its 
expertise and the number of technical experts in the engineering of sport. The following proceedings 
summarize some of the great research that has been accomplished during the past few years and is the 
ninth in a series of proceedings for the biennial conference of the International Sports Engineering 
Association (ISEA) that has now published a total of more than 1000 different scholarly conference 
papers over the past 16 years.  
The articles in this proceedings are being presented at The Engineering of Sport 9 conference. The 
conference is being held at The University of Massachusetts Lowell in Lowell, Massachusetts, USA from 
July 9-13, 2012 and is the ninth of a series that initially began in Sheffield, England in 1996 and 1998 as a 
result of the vision of Steve Haake. The conference series then followed every two years being held in 
Sydney (Australia), Kyoto (Japan), Davis (United States), Munich (Germany), Biarritz (France), and 
Vienna (Austria). We are very pleased to have been given the opportunity to invite the entire sports 
engineering community to the sports-rich area of New England, and in particular Boston and Lowell, for 
this exciting and important international conference.
Following the example of the organizers of The Engineering of Sport 8 for the conference in Vienna, 
this proceedings is again being published by Elsevier as part of Procedia Engineering and each article is 
available through ScienceDirect. This proceedings of The Engineering of Sport 9, holds a total of 155
articles and includes topics covering aerodynamics, biomechanics, design, development, instrumentation,
materials, measurement, modeling, simulation, and teaching. The articles are organized by topic area (e.g.
aerodynamics and modeling) instead of by sport.  We hope that this will help bring together researchers 
and engineers from different sports areas to help each other advance the research in their respective sport
by interacting with technical experts in a different sport but with a similar research theme. It is important 
for the advancement of the field that each conference allow researchers and engineers to observe and 
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discuss the related research spanning different sports, related topics and global interest. This proceedings 
includes articles with authors representing more than 18 countries and five continents.  
For this proceedings, the authors were tasked with writing the articles to be as in depth as possible 
within a six-page limit. For many authors, this was a very difficult task, requiring the reduction of months
or years of research into a six-page summary. We encourage you to discuss the research with the authors 
while at the conference and to contact them after the conference. 
We would like to acknowledge all of the authors for their contribution to making the content within 
this proceedings the very best.  We would also like to thank the reviewers who contributed to the quality 
of the articles and offered constructive insight to the process.
Firoz Alam Keith Hanna Hiroki Okubo
Javad Bagersad Mont Hubbard Jani Pallis
Kim Blair Christin Hölzel Jouni Ronkainen
Alan Bramley Daniel James David Rowlands
Felix Breitchädel Arjen Jansen Larry Ruff
Leonard Brownlie Thomas Lacy Anton Sabo
Michael Caine James Lee Lloyd Smith
Rod Cross Stefan Litzenberger Simon Tuplin
Steph Forrester John McPhee Lindsey Underwood
John Goff Motomu Nakashima Xiaochen Wei
Steve Haake Alan Nathan David Willis
We would also like to thank everyone from the University of Massachusetts Lowell who has helped to 
bring this proceedings together, especially Renzo Colosimo, Elias Shea, Michael Duffy, Ian Gervais,
Rachel Bullard, Crystal Drane, and David Willis.
Finally, please enjoy the following articles; use them to help you understand and further the science 
and engineering within sport and thereby improve sport as a whole for society.  As we gather for this 
biennial conference just weeks before the Olympic games in London, we liken each author, reviewer and 
conference participant to the torch runners by relaying ideas between one another and carrying the torch 
of sports engineering knowledge forward.
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